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Background 

Fatigue  is  well  established  in  causing  significant  decrements  in  performance.  In  the  aviation 
environment,  performance  decrements  on  long  duration  missions  may  lead  to  outcomes  ranging 
from  severe  crew  discomfort,  to  mission  degradation,  to  loss  of  an  aircraft.  Conservative  fatigue 
coimtermeasures  may  prove  insufficient  to  counter  the  effects  of  extremely  long-duration  missions 
required  in  current  Air  Force  air  and  ground  operations.  Dextroamphetamine  has  a  good  track 
record  in  countering  fatigue,  but  has  some  undesirable  side  effects  (e.g.,  agitation,  inability  to  nap, 
addictive  attributes).  Modafinil  has  received  considerable  study  in  the  aviation  environment  and 
appears  to  be  effective  at  significantly  extending  performance  during  conditions  of  sleep-loss,  with 
a  relatively  low  incidence  of  side  effects  and  its  overall  reduced  risk  (modafinil  is  a  schedule  IV 
controlled  substance  versus  dextroamphetamine  which  is  a  schedule  IT).  The  study  presented  here 
was  an  assessment  of  the  operational  efficacy  of  modafinil  for  field  environments,  particularly 
focused  on  a  type  of  environment  which  downed  aircrew  may  encounter. 

This  study  was  designed  to  examine  the  ability  of  modafinil  to  maintain  alertness  and  performance 
over  several  days  of  reduced  sleep  in  a  field  environment.  This  setting  was  chosen  to  simulate 
several  operational  environments.  First,  die  type  of  activity  used  in  this  study  may  be  similar  to 
some  escape  and  evasion  scenarios  in  which  downed  aircrew  might  find  themselves.  In  addition, 
this  type  of  environment  and  workload  was  similar  to  what  some  special  forces  personnel  might 
experience.  Thus,  information  gained  from  this  study  will  be  used  for  multiple  purposes.  Results 
from  this  study  will  help  in  developing  the  operational  guidelines  for  the  special  forces  community 
and  possibly  provide  support  for  the  inclusion  of  modafinil  in  aircrew  survival  kits. 

In  December  1998,  the  pharmaceutical  company  Cephalon  received  FDA  approval  to  market  a  new 
vigilance-enhancing  drug,  modafinil  (Provigil®),  for  the  management  of  narcolepsy.  This  drug 
belongs  to  a  new  group  of  drugs  called  “eugregorics”  that  have  been  under  development  for  over 
ten  years  and  marketed  in  France  since  1993  and  the  United  States  since  1998.  Modafinil  mimics 
the  effects  of  amphetamines  by  producing  a  high  quality  of  wakefulness,  but  lacks  the  typical 
negative  side  effects  associated  with  amphetamines  (Lagarde,  Batejat,  Van  Beers  Sarafian  and 
Pradella,  (1995).  The  neuro-chemical  mechanism  of  modafinil  is  not  yet  fully  understood,  but 
modafinil  is  known  to  affect  the  alpha- 1  adrenergic  receptors,  akin  to  the  neurotransmitter 
norepinephrine.  Modafinil  does  not  work  by  inhibiting  reuptake;  instead  it  directly  stimulates  the 
norepinephrine  receptors  (Cephalon,  1998).  Lin,  Hou,  Rambert,  and  Jouvet  (1997)  found  modafinil 
both  chemically  and  pharmacologically  different  from  amphetamines  in  that  modafinil  produces 
long  lasting  waking  effects  without  behavioral  modification,  addictive  attributes,  or  sleep  rebound. 
In  addition  to  its  lack  of  adverse  effects,  modafinil  exhibits  a  terminal  half-life  of  9-14  hrs  with  peak 
blood  concentrations  2-4  hrs  after  absorption  with  an  oral  clearance  of  50-60  mL/min  (W ong, 
Gorman,  McCormick,  &  Grebow,  1997^  This  profile  makes  modafinil  a  prime  candidate  for 
operational  use  in  situations  requiring  sustained  wakefulness.  This  application  is  now  being 
recognized  in  the  commercial  sector  as  an  FDA  advisory  panel  has  recently  (Sep  2003) 
recommended  modafinil  to  be  approved  for  the  treatment  of  excessive  sleepiness  associated  with 
obstructive  sleep  apnea  and  shift-work  sleep  disorder. 

Several  studies  ( Bensimon,  Benoit,  Lacomblez,  Weiller,  Warot,  Weial  and  Puech,  1991;  Lagarde 
and  Batejat,  1995;  Batejat  and  Lagarde,  1999)  clearly  demonstrated  that  200  mg  of  modafinil 
administered  either  in  a  single  dose  or  repeated  every  8-hrs  for  longer  periods  of  arousal 
significantly  enhanced  performance  during  periods  of  sleep  deprivation.  More  recent  investigations 
have  focused  on  the  effectiveness  of  100  mg  doses.  In  a  study  by  Baranski,  Cian,  Esquivie,  Pigeau, 
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&  Raphel  (1998),  subjects  given  a  dosage  of  100  mg  every  eight  hours,  over  a  24-hour  period, 
maintained  cognitive  performance  levels  throughout  64  hours  of  sleep  deprivation.  Subjects  given 
50  mg  every  eight  hours,  over  a  24-hour  period,  maintained  non-significant  performance 
inqrrovement  when  compared  to  placebo.  Stivalet,  Esquivie,  and  Barraud  (1998)  studied  the  effects 
of  modafinil  on  attentional  processing  during  60  hours  of  sleep  deprivation.  Subjects  were  given  a 
total  of 300  mg/day  in  100  mg  doses  every  8  hours.  Results  indicated  that  modafinil  prevented  both 
slowing  of  serial  processing  and  the  normal  increases  in  the  rate  of  error  during  the  period  of  sleep 
deprivation.  A  recent  study  performed  at  Brooks  City-Base  by  Whitmore  (2002)  kept  participants 
awake  for  88-hrs  while  they  received  either  100  mg  or  200  mg  every  8  hours  (nine  total  doses). 

Few  side  effects  were  observed  in  the  study  and  performance  was  relatively  well  maintained 
through  3  days  and  2  nights  of  sleep  deprivation  (approximately  the  first  60-hrs).  Performance  for 
both  drug  conditions  was  better  than  that  under  an  historical  no-dmg  condition;  however,  both  drug 
conditions  suffered  significant  performance  degradation  on  the  third  night  of  sleep-loss. 

Research  into  possible  unfavorable  side  effects  of  modafinil  (Morehouse,  Broughton,  Fleming, 
George,  and  Hill,  1997)  found  subjects  reported  52  adverse  effects,  yet  none  were  statistically 
different  fi'om  the  placebo  group.  More  subjects  complained  of  nervousness  and  nausea  in  the  400 
mg/day  group,  although  this  was  not  statistically  different  from  the  200  mg/day  group.  Phase  3 
clinical  trials  have  confirmed  that  the  only  adverse  effect  more  frequent  in  the  400  mg/day  group 
was  headache.  Doses  of  800  mg/day  produced  elevations  in  blood  pressure  and  pulse  rate.  Pigeau, 
Naitoh,  Buguet,  McCann,  Baranski,  Taylor,  Thompson,  &  Mack  (1995)  reported  an  increased 
frequency  of  urination  when  compared  to  dextroamphetamine  or  placebo.  Caldwell  and  Caldwell 
(2000)  reported  anecdotal  evidence  of  increased  vestibular  complaints  (i.e.  di2ziness)  in  a  study 
involving  three  200  mg  doses  given  at  4-hr  intervals.  An  evaluation  of  this  phenomenon  conducted 
by  Eddy  (2001)  and  performed  at  Brooks  AFB,  TX  showed  no  negative  vestibular  effects 
associated  with  a  single  400  mg  dose  of  modafinil. 

Modafinil  studies  have  also  examined  sleep  rebound  effects.  Batejat  (1999)  examined  napping  and 
modafinil  as  two  countermeasures  for  fatigue.  Results  indicate  both  were  beneficial,  and 
demonstrated  modafinil  did  not  prevent  sleep  as  has  been  found  with  the  use  of  amphetamines.  Two 
studies  utilized  modafinil  during  prolonged  sleep  deprivation,  then  measured  sleep  rebound 
parameters  via  EEG  for  two  nights  afterward.  Lagarde  et  al.  (1995)  found  modafinil  in  600  mg/day 
doses  produced  a  sleep  rebound  effect  on  the  second  post-treatment  night.  Buguet,  Montemayeur, 
Pigeau,  and  Naitoh,  (1995),  showed  modafinil  in  300  mg/day  levels  did  not  produce  any  sleep 
rebound  effect.  In  summary,  the  efficacy  of  modafinil  to  reduce  or  prevent  sleep-loss  induced 
performance  decrements  has  been  proven.  The  clinical  safety  of  modafinil  has  also  been  proven. 
This  effort  was  an  assessment  of  the  operational  utility  of  modafinil. 

In  1997,  Baranski  and  Pigeau  found  that  modafinil  produced  “a  disruptive  effect  on  self¬ 
monitoring,  inducing  a  reliable  ‘overconfidence’  effect  which  was  particularly  marked  2-4  hours 
post-dose  (lOOmg  dose).”  Batejat  et  al.  (1999)  also  reported  modafinil  related  changes  in  self- 
confidence.  Eddy’s  Brooks  AFB  study  has  shown  no  post-drug  effects  on  confidence  for  up  to  6- 
hrs  post  dose  when  asking  subjects  to  estimate  performance  on  various  performance  tasks. 

The  recent  modafinil  study  completed  by  Whitmore  evaluated  the  alerting  efficacy  of  modafinil 
(100  mg  and  200  mg  every  8-hr  /  300  mg  or  600  mg  per  day)  in  an  88-hr  sleep  deprivation 
laboratory  study.  All  participants,  save  one  (who  experienced  elevated  blood  pressure),  well 
tolerated  the  repeated  modafinil  dosing.  The  subjective  symptom  data  revealed  no  case  where  a 
severe  symptom  was  attributable  to  modafinil.  Most  adverse  reactions,  such  as  ‘difficulty 
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focusing,’  were  attributable  to  staying  awake  for  88-hrs  (i.e.,  these  types  of  symptoms  were 
typically  reported  on  the  2"‘‘  and  3'^  night  of  the  study).  Overall  performance  on  several  tasks 
was  maintained  better  by  the  200  mg  condition  than  by  the  100  mg  condition.  In  general 
however,  neither  dose  of  modafinil  was  adequate  to  maintain  performance  during  the  3  night  of 
testing. 

This  study  was  designed  by  survival  instructor  personnel  to  include  key  elements  of  several 
operational  environments.  Outside  of  data  collection  and  modafinil  dosing,  nothing  occurs  in 
this  study  that  does  not  or  cannot  otherwise  occur  in  the  operational  training  environment.  This 
study  was  fimded  by  the  United  States  Special  Operations  Command ,  Biomedical  Initiatives 
Steering  Committee. 

The  objective  of  this  effort  was  to  evaluate  the  efficacy  of  modafinil  for  sustaining  alertness  in 
personnel  involved  in  sustained  field  operations  (3  days  of  reduced  sleep).  Information  from  this 
study  may  be  used  to  modify  existing  operational  guidelines  regarding  Escape  and  Evasion  (E  & 
E)  and  Special  Operations  Forces  (SOF)  operations  to  include  modafinil  use,  with  the  purpose  of 
providing  a  performance  advantage  to  our  troops  who  must  perform  critical  operations  involving 
little  or  no  sleep  for  several  days. 

It  was  expected  that  modafinil  would  enhance  objective  performance  and  reduce  negative  affect 
when  compared  to  the  placebo  condition  throughout  the  course  of  the  study .  The  differences  in 
performance  between  conditions  should  be  most  apparent  on  nights  two  and  three  of  the  study. 
Few  to  no  side  effects  were  anticipated  in  the  modafinil  group  beyond  the  normal  side  effects 
seen  with  sleep  loss. 

Methods 

Participants 

Twenty  USAF  Survival  Training  Specialists  volunteered  as  the  participants  for  this  study  by 
signing  an  informed  consent  form.  All  participants  were  from  the  336*  Training  Group  at 
Fairchild  AFB.  Participation  was  voluntary  and  no  financial  compensation  was  offered. 
Participants  were  male,  between  the  ages  of  18  and  34.  All  participants  underwent  a  medical 
examination  to  ensure  they  were  fit  to  participate  in  the  study.  The  medical  examination 
included:  a  review  of  the  potential  participants  medical  history,  and  blood  and  urine  tests  to 
allow  assessment  that  liver  and  kidney  function  were  within  normal  parameters.  Participants  also 
underwent  a  similar  medical  examination  post-data  collection.  This  research  was  approved  by 
the  Air  Force  Surgeon  General  #F-BR-2003-0044-H 

Duration  &  Description  of  Study 

The  primaiy  data  collection  period  occurred  over  a  65-hr  field  event  established  for  this  study. 
Additionally,  sleep  and  subjective  fatigue  data  collection,  and  a  single  daily  cognitive  test 
administration  (requiring  approximately  lO-min  of  time  per  day  to  complete)  were  performed  three 
days  prior  to  and  post  termination  of  the  field  event.  A  2-hr  training/orientation  session  was 
conducted  the  week  prior  to  the  field  event.  See  Attachment  A  for  an  experimental  schedule. 

During  the  field  event,  participants  were  formed  into  teams  of  two.  One  person  on  each  team 
received  modafinil,  the  other  placebo.  Drug  administration  was  double-blind  and  assignment  of 
condition  to  participant  was  done  randomly.  Those  in  the  modafinil  condition  received  100  mg  of 
modafinil  at  those  times  indicated  in  Attachment  A,  with  a  maximum  daily  dosage  of  300  mg. 
Those  in  the  placebo  condition  received  an  identically  appearing  inert  capsule  at  the  same  times. 
Due  to  testing  logistics,  five  teams  performed  the  field  event  one  week  and  the  other  five  teams  the 
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next  week.  Since  counterbalancing  was  done  per  team  there  should  not  be  a  week  effect  for  the 
drug  conditions. 

Participants  performed  simple  navigation  as  they  followed  a  route  in  the  general  shape  of  a  star  with 
a  base  camp  at  the  top.  Teams  were  launched  between  15-  and  30-min  intervals  and  maintained  this 
separation  throughout  the  route.  Participants  hiked  approximately  22  miles  over  the  first  two  days 
of  the  field  event  and  then  bivouacked  for  the  remaining  24  hrs  of  the  study.  While  traveling  the 
route,  participants  performed  10-min  of  tests  every  3-hrs.  This  test  block  consisted  of  several 
simple  cognitive  tests  performed  on  a  personal  digital  assistant  palmtop  computer  (PDA),  a 
subjective  sleepiness  check,  a  fatigue  questionnaire,  a  mood  questionnaire,  and  a  verbal  memory 
task  accomplished  over  the  radio.  Every  6-hrs  along  the  route  there  was  a  checkpoint.  At  each 
checkpoint  the  normal  10-min  3-hr  test  block  was  performed  alongside  some  additional  testing. 

This  additional  testing  included  a  symptom  survey/health  check,  saliva  sampling,  a  jump  test,  a 
decision-making  test,  and  a  blood  pressure/heart  rate  check.  Given  the  number  of  tests  and  the 
staggered  launch  of  teams,  a  checl^oint  block  that  began  at  1200hrs  for  the  first  team  would  not  be 
completed  until  ISOOhrs  for  the  fifth  team.  Participants  were  not  allowed  to  sleep  during  the  first 
night  on  the  route  and  were  only  allowed  a  2-hr  sleep  period  during  their  second  and  third  night  on 
the  route.  Each  participant  carried  a  light  backpack  consisting  of  rations,  water,  and  sundry 
provisions.  As  mentioned  previously,  prior  to  the  start  of  data  collection  a  2-hr  training  session  was 
conducted.  During  the  training  session  participants  were  trained  to  asymptotic  performance  on  the 
cognitive  tests. 

Instruments  and  Data 

The  following  data  collection  instruments  were  applied  at  the  times  indicated  in 
Attachment  A: 

•  Actigraph:  An  actigraph  was  issued  to  each  participant.  The  actigraph  resembles  a 
wristwatch  and  is  worn  in  a  similar  manner.  A  small  accelerometer  systematically  records 
the  individual’s  movement  over  time,  both  while  awake  and  asleep,  allowing  for  the 
objective  identification  of  sleep/wake  patterns.  The  data  are  also  sensitive  to  the  quality  of 
sleep,  showing  less  activity  during  more  restful  sleep.  Each  participant  wore  an  actigraph  for 
three  days  prior  to,  during,  and  three  days  following  the  field  event. 

•  Questionnaires:  A  demographic  intake  questionnaire  was  given  to  each  participant  at  the 
orientation  meeting. 

•  Activity  Log:  Each  participant  was  provided  with  a  log  on  which  to  record  his  wake  rest 
times.  Sleep  intervals  were  self-recorded  as  they  occurred  throughout  the  data  collection 
period.  Subjective  rating  scales  were  also  provided  to  periodically  register  self-estimates  of 
sleepiness  and  fatigue. 

•  Cognitive  Performance  Battery  (ARES):  Math  Processing  (simple  serial  mathematical 
problems).  Logical  Reasoning  (respond  true/false  to  a  single  statement  describing  the 
relation  of  a  pair  of  symbols).  Four  Choice  Reaction  Time  (tap  the  illuminated  quadrant),  and 
a  Continuous  Processing  task  (determine  whether  current  number  is  the  same  as  the  previous 
value  and  memorize  current  number  for  comparison  to  next  value)  were  administered  on  a 
PDA.  The  ARES  battery  required  about  7-min  to  complete  and  was  administered  every  3-hrs 
during  the  field  event.  We  used  response  accuracy,  mean  reaction  time  for  correct  responses 
(MRTC),  standard  deviation  for  correct  response  time  (SDRTC),  and  throughput  (correct 
responses  per  minute)  as  the  outcome  measures  from  each  ARES  task. 
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•  Radio  Memory  Task.  A  simple  verbal  memory  task  was  performed  every  three  hours  during  the 
field  event.  This  test  was  insensitive  to  the  effects  of  fatigue  and  will  not  be  discussed  in  this 
paper. 

•  Jump  Test:  A  standing  vertical  jump  test  comprised  of  1 6  jumps  was  given  at  every 
checkpoint.  Jump  height,  explosive  leg  factor  (ELF  -  a  combination  of  jump  height  and  ground 
dwell  time),  and  ground  dwell  time  were  used  as  the  outcomes  for  this  test. 

•  Subjective  Assessment  Sleepiness  was  recorded  every  3-hrs  using  a  computerized  version  of 
the  Stanford  Sleepiness  Scale.  An  additional  fatigue  questionnaire  (The  Sustained 
Operations  Assessment  Profile,  SOAP)  was  given  every  3-hrs  on  the  PDA.  The  results  from 
the  SOAP  are  not  complete  and  will  not  be  reported  in  this  paper.  Approximately  2-min 
were  required  to  complete  each  questionnaire. 

•  Salivary  measures:  A  small  amount  of  saliva  (2-3  cc)  was  collected  at  each  checkpoint  to 
assess  melatonin  and  protein  amylase  levels.  These  results  are  also  not  complete  at  this  time 
and  will  not  be  reported  in  this  paper. 

•  Vitals:  Diastolic  blood  pressure  (DBP),  systolic  blood  pressure  (SBP),  heart  rate,  and  oral 
temperature  were  collected  at  each  checkpoint. 

During  the  field  data  collection  portion  of  the  study,  several  measures  were  taken  to  ensure  the 
safety  of  the  participants.  Each  team  of  participants  was  issued  a  hand-held  radio.  The  radio  was 
used  between  checl^oints  for  a  safety  check-in  and  brief  memory  task.  Participants  were  formed 
into  teams  of  two  to  allow  a  buddy-system  type  of  approach.  Participants  were  also  individually 
issued  a  GPS  tracking  unit.  This  tracking  unit  allowed  a  participants  location  to  be  ascertained  at 
any  point  on  the  route  but  did  not  provide  navigational  information.  Checkpoints  were  laid  out 
on  the  route  at  6-hr  intervals.  As  participants  paused  at  these  checkpoints  to  perform  additional 
testing  or  to  sleep,  they  were  queried  as  to  their  overall  subjective  and  health  state.  The  route  was 
checked  by  survival  instructor  personnel  for  dangerous/difficult  obstacles.  A  physician  or 
physician’s  assistant  was  located  at  the  base  camp  for  the  duration  of  the  field  event. 


Data  Analysis 

Before  any  statistical  analyses  were  performed,  the  data  was  baseline-adjusted  to  counter  any 
potential  inherent  differences  between  the  drug  groups.  This  was  accomplished  for  each 
outcome  measure  by  subtracting  a  participant’s  baseline  trial  (Day  1  1800  hrs)  from  each  of  the 
subsequent  trials.  All  statistical  testing  was  based  upon  these  “deltas”.  To  ensure  data  quality, 
only  data  collected  at  the  12  checkpoints  along  the  route  (where  testing  conditions  could  be 
monitored  and  closely  controlled)  were  used  in  the  analyses. 

For  each  continuous,  normally  distributed  measure,  a  repeated  measures  analysis  of  variance 
(ANOVA)  was  performed  to  test  for  significant  drug  main  effects  and/or  drug  by  time 
interaction.  A  Huyhn-Feldt  adjustment  was  made  for  variables  that  failed  Mauchly’s  Test  of 
Sphericity.  When  significant  effects  were  detected  in  the  ANOVAs,  post-hoc  simple  effects  tests 
(Winer,  pg.  174)  were  used  to  compare  the  modafinil  change  from  baseline  with  the  placebo 
change  from  baseline  at  each  time  point,  separately.  In  addition,  the  mean  at  each  time  point  was 
compared  back  to  the  mean  at  baseline  for  the  placebo  and  modafinil  groups,  separately.  For 
ordinal  outcome  measures,  Mann-Whitney  U-tests  were  used  to  compare  the  drug  and  placebo 
conditions  for  differences  in  the  change  from  baseline  at  each  of  the  checkpoints,  separately. 

Sample  Size  Determination:  The  primary  tests  of  interest  were  the  post-hoc  comparisons  of  the 
two  drug  conditions  at  specific  time  points.  Consequently  our  power  analysis  for  determining 
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sample  size  was  based  on  those  tests.  A  sample  of  10  participants  per  group  would  provide 
approximately  a  57%  chance  (power)  of  detecting  differences  that  are  about  1  standard  deviation 
in  magnitude,  when  testing  at  the  0.05  two-tailed  alpha  level.  While  this  is  considered  a 
relatively  low  power  for  most  research  studies,  this  study  provided  a  unique  opportunity  to 
examine  modafmil  in  the  field.  Thus  while  the  chance  of  finding  significant  effects  are  low, 
those  that  are  found  are  particularly  meaningful  and  trends  in  the  data  would  provide  valuable 
direction  for  future  studies. 

Results 

Due  to  difficulties  with  the  PDA’s  thete  was  insufficient  data  for  two  of  the  participants  (both  in 
the  modafmil  group),  thus  they  were  removed  from  the  analysis  of  the  computerized  performance 
data.  Additionally  one  participant  (also  in  the  modafmil  group)  forgot  to  take  a  single  dose  and 
was  removed  from  all  data  analyses.  For  the  remaining  participants  we  lost  about  3%  of  the 
performance  data.  This  data  was  estimated  (based  upon  the  average  percent  change  of  the  other 
data  available  at  a  particular  time)  to  facilitate  the  statistical  procedures. 

Sleep  -  The  average  amount  of  sleep  obtained  for  the  three  nights  prior  to  the  field  event  did  not 
significantly  differ  between  the  placebo  and  modafinil  groups  (placebo  =  7.3hrs,  modafmil  = 
7.8hrs).  Likewise,  there  was  no  difference  in  the  total  sleep  obtained  during  the  65-hrs  in  the 
field  (placebo  =  6.35hrs,  modafmil  =  5.5hrs). 

Attachment  B  contains  the  descriptive  statistics  and  statistical  test  results  for  this  study.  For  each 
outcome  measure  the  baseline  mean  and  standard  deviation  are  shown  followed  by  the  mean 
change  (and  standard  deviation)  from  baseline  at  each  checkpoint.  The  ANOVA  results  are 
shown  in  the  last  three  columns  of  the  table.  For  those  variables  where  an  ANOVA  indicated 
significance  drug  effects,  superscripts  (defined  in  the  table  legend)  are  used  to  identify 
significant  post-hoc  results.  If  only  simple  time  effects  were  present  for  an  outcome  measure,  no 
post-hoc  testing  was  performed.  Only  variables  for  which  significant  effects  were  observed 
(p<0.05)  or  which  showed  a  strong  trend  and  approached  significance  (p<0.10)  will  be  discussed 
and  graphed  in  the  text  below. 

Four  Choice  -  For  throughput  the  drug  main  effect  approached  significance  (p  =  0.067)  and  the 
main  effect  of  time  was  significant  (p  =  0.007).  Figure  1  shows  the  modafmil  means  tend  to 
remain  at  about  baseline  level  and  are  generally  higher  than  placebo  means  with  marginally 
significant  differences  (p<0.10)  at  two  time  points.  When  comparing  each  time  point  to  baseline, 
the  changes  were  marginally  worse  at  only  one  time  point  for  modafmil,  and  significantly  or 
marginally  worse  at  seven  time  points  for  placebo.  Refer  to  Attachment  B  for  specific  post-hoc 
differences.  MRTC  showed  only  a  main  effect  of  time  (p  =  0.001).  Inspection  of  Fig  2  gives  no 
clear  indication  of  a  general  fatigue  pattern  over  the  duration  of  the  study  (i.e.,  a  linear  trend 
resulting  from  sleep  loss)  but  instead  shows  performance  to  be  impacted  generally  by  circadian 
variation  and,  by  sleep  inertia  at  one  point  (Day  4  0200).  While  the  ANOVA  did  not  detect 
significant  drug  effects,  the  relationship  of  the  patterns  seen  for  the  two  drug  conditions  is  similar 
to  those  seen  for  throughput. 
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Four  Choice 
Throughput 


Figure  1  Four  Choice  -  Throughput  Changes  from  Baseline 
Baseline  values:  Modafinil  =161,  Placebo  =174 


Four  Choice 

Mean  Reaction  Time  for  Correct  Responses 


Modafinil 

Placebo 


Figure  2  Four  Choice  -  Mean  Reaction  Time  for  Correct  Responses  Changes  from  Baseline 
Baseline  values:  Modafinil  =  376,  Placebo  =  346 
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Logical  Reasoning  -  For  MRTC,  SDRTC,  and  throughput,  there  were  drug  by  time  interactions 
(p  =  0.074,  p  =  0.098,  p  =  0.020  respectively)  and  time  main  effects  (p  =  0.005,  p  =  0.004,  and 
p<0.001 ,  respectively).  In  Figure  3,  MRTC  performance  under  modafinil  appears  to  be  better 
than  placebo  from  Day  2  1200  onwards,  and  was  marginally,  or  significantly,  better  at  two  time 
points.  Furthermore,  modafinil  was  not  found  to  change  significantly  from  baseline  at  any  time 
point,  whereas  placebo  was  marginally  worse  at  three  time  points.  Modafinil  SDRTC 
performance  in  Fig  4  is  shown  to  be  equal  to  or  better  than  placebo  performance  from  Day  2 
1200  onwards  and  was  significantly  better  at  one  time  point.  Modafinil  performance  was  not 
found  to  change  significantly  from  baseline  at  any  time  point  while  placebo  performance  was 
marginally  degraded  at  one  time  point,  fri  Figure  5,  throughput  performance  under  modafinil 
appears  to  be  better  than  placebo  from  Day  2  1200  onwards,  and  was  significantly  better  at  two 
time  points.  Placebo  throughput  was  marginally  lower  than  baseline  at  two  time  points  whereas 
modafinil  throughput  generally  remained  near  baseline  or  improved  (one  improvement  was 
marginally  significant). 


Logical  Reasoning 

Mean  Reaction  Time  for  Correct  Responses 


Day  /  Time 


'  •  Modafinil 
—  -B  —  Placebo 


Figure  3  Logical  Reasoning  -  Mean  Reaction  Time  for  Correct  Responses  Changes  from  Baseline 
Baseline  values:  Modafinil  =  2062,  Placebo  =  1925 
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Logical  Reasoning 

Standard  Deviation  for  Correct  Responses 


Modafinil 

Placebo 


Figure  4  Logical  Reasoning  -  Standard  Deviation  for  Correct  Responses  Changes  from  Baseline 
Baseline  values:  Modafinil  =  894,  Placebo  =  853 


Logical  Reasoning 
Throughput 


—Modafinil 

-  Placebo 

Figure  5  Logical  Reasoning  -  Throughput  Changes  from  Baseline 
Baseline  values:  Modafinil  =27.9,  Placebo  =  29.8 
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Mathematical  Processing  -  For  MRTC  the  drug  main  effect  approached  significance  (p  =  0.073) 
and  the  time  main  effect  was  significant  (p  =  0.006).  Figure  6  shows  the  modafinil  means  tend  to 
improve  over  time  from  baseline  level  and  are  lower  than  placebo  means.  Modafinil  showed  two 
marginal  improvements  and  two  significant  improvements  over  placebo.  Upon  comparison  to 
baseline  modafinil  was  significantly  faster  at  one  time  point  and  marginally  faster  at  two  others 
while  placebo  was  significantly  slower  at  three.  SDRTC  and  throughput  were  shown  to  have 
significant  time  main  effects  (p  =  0.043  and  p<0.001,  respectively).  SDRTC  (see  Fig  7)  shows 
the  familiar  circadian  and  sleep  inertia  effects.  Throughput  shows  a  slight  learning  trend  over  the 
course  of  the  study  (see  Fig  8),  primarily  due  to  the  modafinil  means,  and  it  also  reflects  the 
negative  early  moming/sleep  inertia  effect  at  Day  4  0200. 


Math  Processing 

Mean  Reaction  Time  for  Correct  Responses 


“Modafinil 


—  —  Placebo 


Figure  6  Math  -  Mean  Reaction  Time  for  Correct  Responses  Changes  from  Baseline 
Baseline  values:  Modafinil  =  2191,  Placebo  =1881 
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Math  Processing 

Standard  Deviation  for  Correct  Responses 
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Figure  7  Math  -  Standard  Deviations  for  Correct  Responses  Changes  from  Baseline 
Baseline  values:  Modafinil  =  676,  Placebo  =  670 


Math  Processing 
Throughput 


Figure  8  Math  -  Throughput  Changes  from  Baseline 

Baseline  values:  Modafinil  =  26.6,  Placebo  =  30.0 


“Modafinil 

“  Placebo 
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Continuous  Processing  -  No  significant  drug  effects  were  found  for  any  of  the  outcome  measures 
of  this  test.  A  main  effect  of  time  was  nearly  significant  for  accuracy  (p  =  0.054),  and  was 
significant  for  MRTC  (p<0.001),  and  throughput  (p  =  0.007).  Fig  9  shows  a  slight  downward 
trend  for  accuracy  over  the  course  of  the  study  for  both  drug  conditions.  MRTC  (see  Fig  10) 
shows  a  very  strong  circadian  variation  for  both  groups;  however,  modafinil  performance  is 
never  worse  than  baseline.  Throughput  also  shows  circadian  variation  (see  Fig  1  l)and  the 
infamous  Day  4  0200  effect. 


Continuous  Processing 
Response  Accuracy 


Figure  9  Continuous  Processing  Task  -  Accuracy  Changes  from  Baseline 
Baseline  values:  Modafinil  =  98.7,  Placebo  =  94.4 
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Continuous  Processing 
Mean  Reaction  Time  for  Correct  Responses 


Modafinil 


—  —  Placebo 


Figure  10  Continuous  Processing  Task  -  MRTC  Changes  from  Baseline 
Baseline  values:  Modafinil  =  479,  Placebo  =  426 

Continuous  Processing 
Throughput 


Day  /  Time 


•  Modafinil 
- Placebo 


Figure  1 1  Continuous  Processing  Task  -  Throughput  Changes  from  Baseline 
Baseline  values:  Modafinil  =110,  Placebo  =115 
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Sleep  Scale  -  A  significant  drug  by  time  interaction  was  detected  for  the  sleep  score  (p=0.004). 
The  sleep  score  also  showed  a  main  effect  of  time  (p<0.001).  Figure  12  shows  a  mixed  trend 
with  the  modafmil  group  maintaining  a  lower  sleepiness  than  placebo  from  Day  3  0600  onwards 
There  were  only  two  time  points  at  which  the  modafmil  change  was  significantly  lower  than  the 
placebo  change.  Interestingly,  when  comparing  each  time  point  to  baseline,  the  changes  were 
significantly  worse  at  all  but  one  point  for  placebo,  and  were  significantly  worse  at  only  six  of 
the  times  for  modafinil. 


Sleep  Scale 


Day  /  Time 


Modafinil 


—  -B  —  Placebo 


Figxire  12  Sleep  Scale  -  Changes  from  Baseline 
Baseline  values:  Modafmil  =  1 .9,  Placebo  =1.7 


Vitals  -  For  DBF,  a  significant  drug  main  effect  was  detected  (p=0.030)  as  well  as  a  significant 
main  effect  of  time  (p=0.042).  Under  modafinil  DBF  was  at  or  above  baseline  levels  whereas 
placebo  DBF  was  at  or  below  baseline  levels  (see  Fig  13).  Two  significant  differences  and  two 
marginally  significant  differences  between  the  conditions  were  observed.  When  compared  to 
baseline  modafinil  was  significantly  higher  at  one  time  point  and  marginally  higher  at  another. 
Flacebo  results  indicated  five  time  points  where  DBF  was  lower  than  baseline.  There  were 
significant  time  effects  for  SBF,  heart  rate,  and  temperature  (p=0.01,  p<0.001,  and  p<0.001, 
respectively).  Generally  there  was  a  slight  increase  of  SBF  over  the  course  of  the  study  (Fig  14). 
Heart  rate  showed  clear  circadian  effects  with  little  difference  between  the  groups  (Fig  15).  Oral 
temperature  also  showed  clear  circadian  variation  (Fig  16)  with  modafinil  being  consistently 
slightly  higher;  however,  never  higher  than  baseline. 
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Diastolic  Blood  Pressure 


Modafinil 


*li  Placebo 


Figure  13  Diastolic  Blood  Pressure  -  Changes  from  Baseline 
Baseline  values:  Modafinil  =  75,  Placebo  =  83 


Systolic  Blood  Pressure 


Day /Time 


. • . Modafinil 
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Figure  14  Systolic  Blood  Pressure  -  Changes  from  Baseline 
Baseline  values:  Modafinil  =  128,  Placebo  =128 
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Heart  Rate 


Modafinil 
“  —  Placebo 


Figure  15  Heart  Rate  -  Changes  from  Baseline 
Baseline  values:  Modafinil  =  70,  Placebo  =  68 


Oral  Temperature 


•  Modafinil 
—  -B  —  Placebo 


Figure  16  Oral  Temperature  -  Changes  from  Baseline 
Baseline  values:  Modafinil  =  98.1,  Placebo  =  98.1 
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Jump  -  No  significant  drug  effects  were  found  for  any  of  the  outcome  measures  of  this  test. 

There  was  a  main  effect  of  time  for  jump  height,  ELF,  and  ground  time  (p<0.001  for  each). 

Jump  height  follows  a  fairly  strong  circadian  pattern  for  both  groups,  see  Fig  17.  ELF  shows 
similar  trends  but  with  modafmil  remaining  consistently  slightly  higher  than  placebo,  see  Fig  18. 
Ground  time  also  shows  circadian  variation  with  modafinil  generally  remaining  lower  than 
placebo,  see  Fig  19. 


Jump  Performance 
Average  Jump  Height 


Day  /  Time 


Modafinil 


—  —  Placebo 


Figure  17  Jump  Task  -  Junp  Height  Changes  from  Baseline 
Baseline  values:  Modafinil  =  16.3,  Placebo  =  15.0 
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Jump  Performance 
Explosive  Leg  Factor 
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Figure  18  Junp  Task  -  Explosive  Leg  Factor  Changes  from  Baseline 
Baseline  values:  Modafinil  =  1.29,  Placebo  =  1.35 

Jump  Performance 
Ground  Time 


Day  /  Time 
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Figure  19  Jump  Task  -  Ground  Time  Changes  from  Baseline 
Baseline  values:  Modafinil  =  0.46,  Placebo  =  0.45 
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Questionnaires-  Questionnaire  results  are  based  upon  20  participants.  On  the  modafmil  use 
questionnaire,  100%  of  the  participants  reported  that  they  would  use  modafmil  in  the  field. 

These  answers  were  based  upon  either  their  own  experience  with  modafmil  or  from  evaluating 
their  partner’s  performance.  Some  reasons  for  this  high  acceptance  follow  (slightly 
paraphrased):  high  level  of  alertness;  no  noticeable  side  effects;  with  modafmil  you  could  still 
rest,  but  could  move  if  you  needed;  it  really  affects  your  decision-making  skills  (positively); 
allows  improved  function  while  fatigued;  helps  you  stay  more  active  and  awake,  but  not 
hyperactive;  and  if  I  wanted  to  sleep  I  could  sleep.  The  post-mission  questionnaire  returned  only 
two  reports  of  side  effects.  One  participant  indicated  an  inability  to  sleep,  and  another 
participant  reported  nausea  if  modafinil  were  taken  on  an  empty  stomach.  Trek  performance  for 
nine  of  the  ten  teams  was  rated  as  superior  for  the  modafinil  member  by  both  the  modafinil  user 
and  his  partner.  One  team  rated  both  participants  performance  as  equal.  All  of  the  participants 
guessed  accurately  as  whether  they  had  taken  modafinil  or  the  placebo. 

Discussion 

In  general,  the  cognitive  and  sleepiness  data  support  the  hypothesis  that  modafinil  would 
partially  attenuate  the  performance  decrements  associated  with  fatigue  (both  sleep  loss  and 
circadian  variation)  in  this  study.  The  trends  are  fairly  consistent  across  tests  even  though 
statistically  significant  differences  between  the  conditions  are  intermittent.  This  result  is  not 
surprising  when  one  considers  that  the  final  sample  size  for  most  of  the  performance  test 
ANOVAs  was  seven  modafinil  participants  and  ten  placebo  participants.  The  resulting  power 
for  the  post-hoc  comparisons  is  equal  to  or  below  0.50.  Given  this  low  power,  observing  a 
positive  modafinil  drug  effect  in  6  of  17  ARES  and  Sleep  Scale  variables  supports  the  efficacy  of 
modafinil  in  a  field  environment. 

The  impact  of  fatigue  upon  cognitive  performance  metrics  may  not  have  been  as  great  in  this 
study  as  has  been  seen  in  some  laboratory  studies.  It  has  been  noted  in  the  fatigue  literature  that 
motivation  may  mask  the  effect  of  fatigue  (see  Kjellberg  1977  for  a  review).  Certainly  the 
environment  in  which  this  study  was  conducted  was  much  more  stimulating  than  the  normal 
laboratory  setting.  Whereas  typically  a  laboratory  is  rather  sterile  and  the  events  within  a  study 
are  highly  routinized  (i.e.,  the  environment  is  dull  and  highly  predictable),  the  participants  in  this 
study  were  hiking  though  attractive  countryside  in  pleasant  weather  with  myriad  natural 
distractions.  The  participants  only  interacted  with  the  research  staff  for  about  one  of  every  six 
hours.  During  the  hours  and  miles  between  checkpoints  they  were  unmonitored  and  able  to  plan 
their  activities  according  to  their  mood.  Some  participants  climbed  up  hills  to  take  in  a  view 
while  others  hunted  squirrels  with  slingshots.  It  is  therefore  likely  that  fatigue  was  masked  to  a 
relatively  greater  extent  in  this  study  than  the  typical  laboratory  study.  Masking  does  not  change 
the  performance  capability  of  the  individual  merely  the  degree  to  which  the  underlying  sleep 
drive  is  expressed.  So,  we  are  not  stating  that  participants  weren’t  tired,  rather  that  the 
participants  were  more  engaged,  and  thus  performed  relatively  better,  in  this  study  than  in 
laboratory  studies  of  similar  duration. 

The  one  performance  measure  which  graphically  indicated  that  placebo  did  consistently  better 
than  modafinil  was  accuracy  for  CRT.  This  visual  effect  is  probably  entirely  due  to  the  fact  that 
the  modafinil  group’s  baseline  was  near  perfect  (98.7%)  whereas  the  placebo  group  was  a  bit 
lower  (94.4%).  Therefore  the  modafinil  group  had  no  “room  to  grow.”  It  is  likely  that  the 
placebo  group,  for  whatever  reason,  was  not  completely  trained  on  the  task.  Indeed  the  effect  of 
learning  is  likely  ubiquitous  across  the  performance  measures.  Many  of  the  modafinil  group 
performance  curves  show  improvements  on  the  various  tests.  Thus  we  should  regard  the  data  as 
representing  an  optimistic  view  of  the  effect  of  fatigue  upon  performance.  That  is,  performance 
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on  a  well-leamed  task  would  be  worse  than  what  is  seen  in  this  study.  Some  learning  is 
unavoidable  on  these  types  of  tasks  over  the  time  course  of  this  study.  Participants  completed  a 
total  of  23  trials  over  the  course  of  four  days  and  three  nights.  Such  spaced  testing  appears  to  be 
a  near-optimal  training  schedule.  Thus  more  training  should  be  accomplished  on  future 
evaluations  (participants  completed  10  trials  over  three  days  for  training).  It  is  often  the  case  in 
field  research  that  training  is  accomplished  days  or  hours  prior  to  the  initiation  of  data  collection 
proper.  Training  literature  revels  that  we  should  distribute  training  over  a  longer  time  period  to 
allow  for  greater  learning  between  trials.  Such  an  approach  would  likely  be  more  effective  than 
the  one  employed  in  this  study  where  most  of  the  training  trials  were  accomplished  in  a  single 
sitting.  Unfortunately,  the  training  schedule  in  this  study  was  a  constrained  due  to  the  limited 
availability  of  the  AF  Survival  Specialists  used  as  participants. 

The  greatest  performance  decrements  were  seen  in  the  early  morning  hours  of  the  fourth  day.  If 
we  examine  the  placebo  group  and  compare  the  worst  performance  at  any  trial  for  each  test  to  its 
baseline  we  see  maximal  throughput  decrements  of  12%  for  Four  Choice,  22%  for  Logical 
Reasoning,  24%  for  Math,  20%  for  CPT,  and  37%  for  ELF  from  the  Jump  Test.  Stated  another 
way,  performance  on  the  most  sensitive  cognitive  test  (Logical  Reasoning)  was  observed  to 
remain  at  76%  of  baseline  or  better.  This  value  sets  the  lower  limit  or  floor  of  the  maximum 
observable  fatigue  effect.  This  is  somewhat  of  a  limited  performance  range  and  reduces  the 
opportunity  for  modafinil  to  show  positive  effects. 

Modafinil  appeared  to  raise  DBF  over  the  course  of  the  study.  However,  it  should  be  noted  that 
the  ISOOhrs  checkpoint  occurred  2  hrs  after  a  modafinil  dose,  the  most  temporally  proximal  of 
any  trials  to  a  dose  time,  and  that  there  was  almost  no  elevation  in  DBF  compared  to  baseline  at 
either  1 800hr  checkpoint.  Given  that  modafinil  has  a  t  max  of  approximately  2  hrs,  it  seems  odd 
that  the  time  points  which  should  be  the  most  affected  (testing  for  the  1  SOOhrs  checkpoint  began 
at  ISOOhrs  and  went  until  about  2100hrs)  by  modafinil  should  show  essentially  no  elevation. 
Overall,  the  highest  mean  elevation  for  DBF  was  about  7  mm/Hg  above  baseline,  not  a  value  to 
raise  clinical  concerns. 

There  were  no  significant  drug  differences  found  for  oral  temperature.  However,  Figure  16 
shows  some  separation  between  the  conditions  and  the  data  seem  to  provide  evidence  for 
temperature  to  be  increased  in  the  modafinil  condition  compared  to  the  placebo  condition.  The 
difference  in  delta  magnitude  is  quite  small  (about  0.4°  Fahrenheit).  It  also  appears  that  rather 
than  elevate  temperature  generally  modafinil  tends  to  raise  the  temperature  troughs.  This  effect 
is  similar  to  the  temperature  effect  seen  with  bright  light  treatment  where  the  normal  circadian 
temperature  decrease  is  attenuated  somewhat. 

Physical  performance,  as  measured  by  the  jump  test,  tended  to  follow  the  circadian  pattern.  This 
makes  particular  sense  when  one  considers  that  cooler  muscle  tends  to  perform  less  effectively 
than  warmer  muscle,  and  the  temperature  ranged  from  highs  in  the  80’s  to  lows  in  the  30’s  over 
the  course  of  the  study.  It  also  appears  that  fatigue  increasingly  impacted  jump  performance, 
particularly  for  the  placebo  condition  and  particularly  at  night. 

This  study  was  important  in  a  couple  of  ways  for  determining  the  usefulness  of  modafinil.  First 
it  applied  modafinil  to  a  realistic  field  environment  with  a  requirement  for  moderate  physical 
activity.  Most  previous  studies  have  applied  modafinil  in  a  laboratory  environment  where  little 
physical  activity  was  performed.  Second,  the  participants  utilized  were  experts  in  their 
occupation.  That  is,  they  professionally  taught  others  how  to  survive  and  evade  in  enemy 
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territory.  This  population  offered  a  great  deal  of  relevant  experience  to  address  the  research 
question,  and  their  thoughts  on  modafinil  usage  were  of  the  highest  importance  in  this  study. 
Therefore,  one  of  the  most  significant  findings  was  the  acceptance  of  modafinil  amongst  E  &  E 
experts  was  overwhelmingly  high,  with  few  side  effects  reported  and  their  unanimous  agreement 
that  modafinil  was  useful  for  field  operations. 

Conclusions 

Modafinil  provides  an  alertness-maintenance  and  relatively  consistent  performance  advantage 
over  placebo.  Participants  felt  modafinil  was  operationally  relevant  and  recommended  its  use  in 
the  field.  Participants  reported  few  side  effects.  Overall,  it  is  recommended  that  further  research 
be  conducted  on  this  promising  alertness  aid.  It  is  also  recommended  that  consideration  be  given 
by  the  USAF  to  incorporating  modafinil  into  various  operational  domains  where  sleep  is  often 
not  an  option  allowed  to  the  warfighter. 
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Attachment  A 

EXPERIMENTAL  SCHEDULE 
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